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ABSTRACT 
Complete data  are presented f rom a total of 43 rocket-borne experi-  
ments  conducted at Wallops Island, Virginia; Churchill, Canada; Barrow, 
Alaska; Natal ,  Brazil; and Ascension Island in the South Atlantic Ocean 
during 1966. Temperature ,  p ressure ,  density, and wind profiles f rom 39 
grenade experiments,  and temperature ,  p re s su re ,  and density profiles 
f rom four Pitot-static tube experiments covering the altitude range of 
approximately 30 to 90 ki lometers  have been compiled. No attempt has  
been made to analyze the meteorological significance of these data  in  
this report. E r r o r  analyses are included fo r  the results of each of the 
39 grenade experiments. 
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INTRODUCTION 
During 1966, 43 rocket grenade and Pitot-static tube experiments  were  performed by the 
Goddard Space Flight Center  and the University of Michigan. These soundings were conducted a t  
Barrow, Alaska (71 'N); Churchill, Canada (59"N); Wallops Island, Virginia (38 "N); Natal, Brazi l  
(6"s); and Ascension Island (8"s). This  report  p resents  the data  obtained f rom these soundings; 
however, no analysis  of the meteorological significance of the data  has  been included here. Th i s  
report  is a record of the unsmoothed measurements  which may se rve  as a bas is  f o r  fur ther  
investigation and interpretation of the s t ruc ture  of the upper atmosphere.  
The  objectives of this program are to obtain a sample of the s t ruc ture  of the mesosphere and 
lower thermosphere which is as representat ive of these regions as possible,  and to investigate 
specific phenomena which occur  in these regions. In o rde r  to extend the coverage over  the widest 
possible geographic area and to permi t  more  accurate  analyses,  the GSFC soundings are coordi- 
nated with soundings in other  pa r t s  of the world whenever possible. 
EXPERl MENTAL METHODS 
The grenade experiment and the Pitot-static tube experiment a r e  two of s eve ra l  techniques 
employed i n  the GSFC Meteorological Sounding Rocket Program.  The experiments are descr ibed 
only briefly here  s ince the detai ls  of the instrumentation and data  reduction have been published 
(References 1, 2, and 3). 
In the grenade experiment,  1, 2, and 3-pound explosive charges  (grenades) a r e  ca r r i ed  aloft  
i n  the nose cone of a Nike-Cajun sounding rocket. The grenades are ejected and exploded a t  2 to 
5-km intervals  as the rocket ascends.  The cur ren t  payload c a r r i e s  19 grenades,  permitt ing an 
1 
average ver t ical  resolution in the azki nf approxim.ately 3 km. The rocket position and the exact 
position of each explosion are determined by a Doppler tracking system, a precision r ada r  such 
as the AN/FPS-16, o r  both. The t ime of each explosion is detected by senso r s  in  the payload and 
telemetered to the ground. A ground-based a r r a y  of hot-wire microphones capable of responding 
to frequencies in the 4-hertz range is used to detect  and record  the sound waves generated by the 
exploding grenades. The measured experimental  pa rame te r s  are the t imes  and positions of the 
grenade explosions, and the a r r iva l  t imes  of the sound waves at the ground-based microphones. 
Elevation and azimuth angles of the normal to each arr iving sound wave a r e  computed by 
applying a least-squares-fi t  to the a r r iva l  t imes  at the various microphones. Each wave is then 
analytically t raced along i t s  path of propagation through the atmosphere by means of Snell's law. 
Data f rom balloonsondes and rocketsondes obtained near  the t ime of the grenade sounding are 
utilized to account fo r  the influence of wind and temperature  in  re t racing the path of the sound 
wave f rom the ground to the first explosion; above this altitude, the resu l t s  of the experiment 
itself are used fo r  each succeeding explosion. The position of the wave as determined by tracing 
is compared with the known position of the wave source,  the grenade explosion. The amount by 
which the sound wave has  been displaced horizontally f rom one explosion to the next is a measure  
of the average wind velocity vector in the layer  between the two adjacent explosions. The average 
speed of sound and hence the average temperature  of the atmosphere between two adjacent explo- 
sions may a l so  be determined. The temperature  profile consis ts  of d i scre te  points, each of which 
represents  the average temperature  for  the ver t ical  layer  between consecutive explosions. The 
temperature  profile is used to der ive the p re s su re  and density profiles, using the p res su re  meas- 
ured by the accompanying balloonsonde near  the top of its ascent. P r e s s u r e  is calculated from 
the barometr ic  equation by performing an integration over  the temperature  profile s tar t ing with 
the known balloonsonde p res su re  (References 4, 5, and 6). The density is then computed from the 
temperature  and pressure ,  using the equation of state. 
In the Pitot-static tube experiment, two radioactive ionization gages in  the payload measure  
ambient density and p res su re  as the Nike-Apache rocket ascends. The gage measurements  are 
telemetered to ground-based receiving and recording equipment. The rocket t ra jectory is provided 
by Doppler tracking, r ada r  tracking, or  both, to determine the altitude of the measurements  and 
the velocity of the rocket. The measured experimental  parameters  are r a m  pressure ,  static 
p re s su re ,  and velocity and position of the payload in  space. The r a m  p res su re  is related to density 
by the Rayleigh equation and the equation of s ta te  in  the continuum region, and by a modified ther- 
mal t ranspirat ion equation in the free-molecular  flow region. The temperature  profile is computed 
f rom the p re s su re  and density prof i les  with the equation of state, o r  by integrating the density 
profile using a form of the hydrostatic equation. 
RESULTS 
The launch sites of Barrow, Alaska (71 ON); Churchill, Canada (59"N); Wallops Island, Virginia 
(38"N); and Natal, Brazi l  (6"s) - Ascension Island (8"s) were chosen because they are typical 
arct ic ,  sub-arctic,  temperate ,  and tropical locations, respectively. Table 1 summar izes  the date, 
2 
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t ime, and location of each  of the 39 grenade experiments  and the four  pitot-static tube experiments  
conducted during 1966. The data include two quasi-synoptic series involving launches f rom four 
sites, five s e r i e s  involving launches from three  sites, th ree  series where two sites were  m o r d i -  
nated, and three  series where two o r  more  rockets were  launched f rom a single s i t e  during a 12- 
hour period to determine the diurnal effects in the atmosphere. 
3 
The resu l t s  of the soundings are given in Figures 1 through 43. In the grenade experiment 
resul ts ,  the directly measured pa rame te r s  (temperature and wind) are tabulated in computer 
printout form on the left-hand page. Tables  of interpolated temperature ,  computed pressure ,  com- 
puted density, percentage of p re s su re  deviation from the 1962 U. S. Standard Atmosphere (Refer- 
ence 7), and percentage of density deviation from the 1962 U. s. Standard Atmosphere are tabulated 
on the right-hand page as functions of geometric altitude. The winds interpolated at 5-km intervals  
are tabulated in component form also. The Pitot-static tube resu l t s  give measured p res su re  and 
density, derived temperature ,  and the percentage of deviation of these parameters  f rom the 1962 
Standard Atmosphere values as functions of geometric altitude. Balloonsonde and rocketsonde 
observations which accompanied the experiments are plotted with the appropriate temperature  and 
wind profile to complete the ver t ical  s t ruc ture  (References 5 and 6). 
ERROR ANALYSIS 
An e r r o r  analysis  has  been performed fo r  all grenade temperatures  and winds reported herein 
when the data recovery was redundant. In a few instances,  data  recovery was sufficient to produce 
a solution, but insufficient to permi t  an e r r o r  analysis. The e r r o r  analysis  is based on a study 
(Reference 8) which demonstrated that more  than 90 percent  of the experimental  e r r o r  is caused 
by the inaccuracy in the determination of the sound a r r iva l  t imes  at the various microphones, 
which produces e r r o r s  in  the computed azimuth and zenith angles of the normal to the sound wave. 
Thus, by treating only azimuth and zenith e r r o r s ,  a good approximation of the total e r r o r  was 
obtained. 
The problem of obtaining the wind and temperature  e r r o r s  was then performed in two parts. 
Separate calculations were  made, first for  the even-numbered l aye r s  between grenades,  and then 
fo r  the odd-numbered layers. F o r  each layer, a single azimuth and zenith deviation was computed 
from the formulas  
and 
where the subscr ipts  U and L indicate the azimuth and zenith deviations fo r  the upper and lower 
grenades bounding a given layer. The calculation is divided into two sections so that the devi- 
ations of one layer  will not influence the temperature  and wind of any other  layer significantly. 
The e r r o r  for  a given temperature  point was computed from the formula 
Temperature error = i(ATaz)2 + (ATzen)2 9 
4 
where '.Td I is the change in t e m p e r a h r e  indxci!  by the azimuth deviation alone, and 'Tren is the 
change in temperature  caused by the zenith deviation alone. A s imi l a r  formula is applied fo r  the 
wind e r ro r .  
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FIGURE 1 
CHURCHILL, 24 JANUARY 1966,0542 GMT. 
6 










































ERROR m4Pmm ERROR Hi2 IGJIT’ 








































































































( m  M C  -1) 
200 240 280 




I 5 m/sec 50 m/stc  
or less 



















































































































































































































































12 f 11- 
9. !+ 
7. Of- 












dev i a1 im 
( $ 1  























3 2 . 7 -  
53.55- + .01- 
4.16- 















3 2 - 7 6  
35.30- 
38 - 30- 





















BARROW, 1 FEBRUARY 1966,2012 GMT. 
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FIGURE 3 
WALLOPS ISLAND, 1 FEB. 1966, 2046 GMT. 
W I N D  D I E T T I O N  W I N D  SPEED ERROR TE"ATUm ZRROR HEIGHT 


































41 - 35 
40.89 
37.80 













































177 * 79 














































































TEMPERATURE ( *K)  (m see.' 1 
10 
LEGEND 
L 5 m/sec L 50 m/sec 
DIRECTION OF 
or less 










































. ~ a 1 3 h e  03- 
.1650330 03- 































e63 * 9'9 
265.49 




























221 * 47 

















































































































































CHURCHILL, 2 FEBRUARY 1966,0202 GMT. 
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CHURCHILL, 10 FEBRUARY 1966,0710 GMT. 
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BARROW, 10 FEBRUARY 1966,0800 GMT. 
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FIGURE 8 
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FIGURE 10 
BARROW, 10 FEBRUARY 1966,2130 GMT. 
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ASCENSION, 27 FEBRUARY 1966,1652 GMT. 
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BARROW, 1 MAY 1966, 2210 GMT. 
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